North-east Atlantic, acting as a key prey for larger fish and sea birds, as well as supporting a large 24 commercial fishery. In this case study, we investigate the underlying factors affecting recruitment 25 and how these in turn affect productivity of the North Sea sandeel using long-term data and relative importance throughout ontogeny is a largely unresolved issue (Hjermann et al., 2004; 67 Lindegren et al., 2011; 2013) . Given the ecological importance and high socio-economic value of 68 forage fish worldwide, an ecosystem-based management approach, taking into consideration 69 multiple external and internal regulating processes, is necessary to promote sustainable exploitation 70 of these important marine resources and the diverse set of higher trophic level predators they The lesser sandeel (Ammodytes marinus) is one of the ecologically and economically most 74 important forage fish species in the North-east Atlantic, acting as the preferred prey for predatory 75 fish, marine mammals and birds, as well as supporting a large and lucrative fishery (Furness 2002; 76 Greenstreet et al., 2006; Engelhard et al., 2014; Dickey-Collas et al., 2014) . The industrial sandeel 77 fishery began in the 1960s, when it mainly targeted sandeel populations in the North Sea. At its 78 peak in the 1990s this largely unregulated fishery was removing a sandeel biomass amounting to ~1 79 million tonnes per year. In the early 2000s, the stock biomass declined rapidly and so did the 80 landings and profitability of the fishery (Dickey-Collas et al., 2013; Engelhard et al., 2014; Fig. 1a, 81 b). In order to promote stock recovery, the fishery has been under quota regulations for almost a 82 decade, yet stock biomass has remained low and not returned to the productive levels of the 1980s 83 (van Deurs et al., 2009; Lynam et al., 2013; Engelhard et al., 2014; ICES 2017) . Lesser sandeel in 84 the central North Sea spend most of the year buried within the bottom sediment (Wright et al., 85 2000; van Deurs et al., 2011) . The growth period is confined to spring when they resurface and feed Collas et al., 2013; van Deurs et al., 2013; Eigaard et al., 2014) , as 90 well as climate forcing and fishery effects (Berntsen et al., 1994; Arnott and Ruxton 2002b; 91 Frederiksen et al., 2007; van Deurs et al., 2009; Eliasen et al., 2011 , van Deurs et al., 2014 (Fig. 1d) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (Fig. 1b) , (ii) reduced SST to mean levels during the 1980s (Fig. 1c) (Table   196 2; Table S2 ). Although fitting on variables averaged during winter (1 st quarter) yielded a slightly 197 lower GCV (Table S2 ), the resulting model included a spurious and ecologically unrealistic (Table S2 ). While the GAM formulation demonstrates the highest degree of explained 
Testing the relative importance of drivers through scenario simulations

223
The hindcast model simulations used to evaluate the relative importance of the various factors 224 affecting sandeel recruitment and survival showed that the scenario based on reduced fishing 
DISCUSSION
235
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